
INTRODUCTION: 
Anemia as a co morbidity of chronic heart failure (HF) has 
been frequently observed by almost every clinician involved in 
the care of affected patients. Interestingly, its existence and 
clinical signicance have been greatly neglected in these 
patients, unless the situation was deemed life threatening The 
Cardio Renal Anemia syndrome is a terminology that was 
coined by Silverberg et al to explain the link between chronic 

2,3heart failure, chronic kidney disease and anemia.  It 
describes a process involving the deterioration of heart and 
kidney function linked with worsening anemia, which is 
contributed to, by the interaction between both physiological 
conditions. There is paucity of Indian epidemiology data on 
CRAS. One Indian study by Abdullah et al reported the 

4prevalence of CRAS to be 40% .

Cardiorenal anemia (CRA) syndrome, dened as anemia 
(hemoglobin <130 g/L for men, <120 g/L for women) and 
stage 3 or greater chronic kidney disease (estimated 
glomerular ltration rate <60 ml/min/1.73 m), with heart 

5failure.  The cardio renal anemia syndrome, therefore, is a 
vicious cycle where worsening of one factor negatively 
impacts the others. Correction of the anemia, may prevent the 

3deterioration of both the heart and the kidneys .The only 
effective treatment is erythropoietin stimulating agents (ESA) 

6with replenishment of iron stores.  KDIGO recommends to give 
oral iron trial in CKD patients whenever transferrin saturation 

7is less than 30% and serum ferritin is less than 500ng/L .

Ferric citrate is an FDA-approved oral phosphorus binder that 
has been shown to be effective in reducing serum phosphorus 
and broblast growth factor 23 (FGF23) concentrations and 
increasing iron stores and hemoglobin in individuals with 
non-dialysis-dependent CKD who have iron-deciency 

8anemia.  It is an intestinal phosphate binder that has been 
shown previously to replete iron stores, increase hemoglobin 
levels, and reduce serum phosphate levels in patients with 

9,10ESRD undergoing hemodialysis.  If ferric citrate is shown to 
not only improve phosphorus levels, but also the overall iron 
status, as compared to conventional ferric fumarate.

Thus, the present study was initiated to test the efcacy of 
ferric citrate in Indian patients of cardio-renal syndrome.

MATERIALS AND METHODS:

This prospective, comparative study was done in department 
of nephrology, DY Patil hospital, Navi Mumbai. The study 
duration was of one year (January 2018 to December 2018). 
The inclusion criteria of the CRAS patients were  age 18 years 
or greater, moderate to severe CKD (eGFR < 60ml/min/1.73 
m2 by CKD-EPI), hemoglobin <130 g/L for men, <120 g/L for 
women, absolute iron deciency (serum ferritin <300ng/ml 
and Transferrin Saturation < 30%) NYHA class 3 and 4 and 
LVEF-<40%. The exclusion criteria were patients with known 
disorder of iron homeostasis, gastrointestinal disorder, liver 
disease, isolated DD, valvular heart disease, recent MI 
(<12weeks),serum phosphorus concentrations < 3.0 mg/dL, 
any known cause of anemia other than iron deciency or CKD, 
symptomatic gastrointestinal bleeding within 12 weeks prior 
to the screening visit, pregnancy or lactation ,receipt of 
erythropoiesis stimulating agents within 4 weeks of screening, 
receipt of intravenous iron therapy within 8 weeks of 
screening, blood transfusion within 4 weeks of screening, 
known allergies or severe adverse reactions to previous oral 
iron therapy. Heart failure was diagnosed according to 
Framingham criteria.. All the relevant data was fed in EXCEL 
format by independent investigator. The patients were 
randomly assigned by a centralized interactive voice-
response system with allocation generated by an 
independent biostatistician. Ferric citrate as 1-g ferric citrate 
caplets containing 210 mg of ferric iron and ferrous fumarate 
of 300mcg was administered to the patients after random 
selection. Patients were seen at weeks 1 and 2 and 
subsequently at 2-week intervals for any side effects, followed 
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comprising of 25 patients (50%). The rise in mean biochemical parameters in ferric citrate group at week 52 were statistically 
signicant as compared to baseline. Serum phosphate levels were reduced towards normal level in ferric citrate group at week 
52, as compared to in ferrous fumarate group at same time point in the study(p<0.05).
CONCLUSION: The present study has shown ferric citrate to be superior to ferric fumarate in improving the hemoglobin, iron, 
RBC indices and as a phosphate binder in patients with CRAS.
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by 12 weekly testing of hematological parameters.
Statistical analysis: The descriptive and analytical statistics 
were done. All the data was analyzed using statistical 
software (IBM SPSS V20.1, IBM Corporation, Armonk, NY, 
USA). Results was expressed as mean ± standard deviation 
and proportions. Comparisons between categorical variables 
was performed with Fisher's exact and chi-square tests. The 
statistical signicance was determined at p<0.05.

Ethics Committee Approval was taken .A written signed 
informed consent was taken prior to enrolling the subjects in 
the study.     

Figure 1: showing ow of methodology adopted for the 
present study.

RESULTS:
Demographic- The mean sex wise, age-wise and distribution 
of patients according to sub types of cardio renal anemia 
syndrome (CRAS) is shown in table1
 
Table 1: Demographic results

BIOCHEMICAL:  
On comparing the mean biochemical parameters 
(hemoglobin (Hb), PCV, MCV, Serum ferritin, TSAT, and 
phosphorus levels) in ferric citrate and ferrous fumarate 
groups, it was found that ferric citrate effectively improved the 
iron and blood cell indices. There is statistically signicant 
improvements on all the parameters as compared to baseline 
and week 52 in the ferric fumarate group. ( p < 0.05) [ table 2,3

TABLE 2: MEAN BIOCHEMICAL CHANGES WITH FERRIC 
CITRATE

TABLE 3: MEAN BIOCHEMICAL CHAGES WITH FERRIC 
FUMARATE

DISCUSSION: 
In the present study, males outnumbered females. Similar 

11rates were reported in an Indian study by Shah et al.  
12However, Chertow et al  and Fishbane et al reported more 

6female sex predilection towards CRAS . This can be attributed 
to increased occurrence of risk factors like coronary vascular 
events, diabetes, hypertension, etc. in males, which are 

11comparatively less prevalence in female sex .

The mean age in the present study was found to be around 60 
years. Similar trend was noted in clinical studies by Nitya 

1 11Nand et al  and Shah et al . This can be due to the fact that 
prevalence of major risk factors for CRAS and their 
complications increase with advancing age.

In the present study, most common subtype of CRAS was type 
2 comprising of 25 patients (50%). These ndings were 
different than that reported by Shah et al in their cardio-renal 
syndrome: clinical outcome study, in which type 1 was most 

11common .

In the present study, the rise in Hb in ferric citrate at week 52 
was highly statistically signicant as compared to baseline 
and in ferrous fumarate group at week 52 (p <0.001) which is 
consistent with  Nitya Nand et al¹ Fishbane et al in their 
clinical study on ferric citrate in CKD have reported similar rise 
in hemoglobin. They have additionally found that sustained 
rise in Hb was more in patients treated with ferric citrate as 

6compared to placebo .

The signicant rise in mean serum ferritin level in patients 
taking ferric citrate was found to be similar to ferritin rise 

13 1reported in studies done by Panicker et al , Nitya nand , 
12Chertow et al . Ferritin is the storage form of iron. In cases of 

anemia, iron stores are already exhausted, and so is 
18ferritin .Thus, it is clear from the ndings of the present study 

that ferric citrate is effective in creating and maintaining 
positive iron balance in patients of CRAS, as indicated by rise 
in hemoglobin, iron indices like ferritin and transferrin 
saturation values, which were statistically signicant in 
patients taking ferric citrate. There are multiple reasons of iron 
deciency in patients of CKD, especially those undergoing 
hemodialysis chronically. Reduced iron are reected as 

17reduced Hb levels due to diminished erythropoiesis .

In the present study, serum phosphate levels were reduced 
towards normal level in ferric citrate group with similar results 

14reported by Koyama et al .  The researchers of this clinical 
trial concluded that long term use of ferric citrate controls 
serum phosphorus concentrations and reduces the need for 
ESAs and intravenous iron in patients receiving hemodialysis. 
Hyperphosphatemia in CKD leads to persistently increased 
FGF 23 levels. It is found in various clinical studies that ferric 
citrate reduces serum phosphate as well as FGF 23 levels in 

15,16CKD, thus better outcomes .

CONCLUSION: 
In the present study, ferric citrate has been found to be 
effective in reducing hyperphosphatemia ,as well as 
maintaining positive iron balance in patients with CRAS. 

The improvement in the hemoglobin, iron and RBC indices 
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FERRIC CITRATE FERRIC FUMARATE

SEX  
FEMALE
MALE

10
15

8
17

AGE (years) 60±3.5 59 ±2.9

WEIGHT (kg) 72.16 72 7

CRAS sub type
TYPE 2
TYPE3
TYPE4

13
5
9

12
3
17

BASELINE
MEAN± SD

WEEK52
MEAN± SD

P VALUE

HAEMOGLOBIN 8.7±1 12.0±1.3  <0.001

PCV 29.4±4.1 43.6 ±6  <0.05

MCV 69.2±1.8 92.1±2.4  <0.05

S.FERRITIN 10.5±1.5 74.4±10.3  <0.05

TSAT 9.3±1 35.6±3.9  <0.05

S.PO4 7.5±1 5.1± 0.7  <0.05

BASELINE WEEK52 P VALUE

HAEMOGLOBIN 8.5±1 10.3±1.2 >0.05

PCV 27.9± 4.5 41.3±6.6 >0.05

MCV 70.9±1.6 91.2±2.1 >0.05

S.FERRITIN 10±1.6 56.9±9.1 >0.05

TSAT 9.1±1 35±4.0 >0.05

S.PO4 6.2±1 6.4±1 >0.05



has proven to be superior to ferric fumarate.

 Thus, the dual action of ferric citrate in cardio renal anemia is 
feasible choice for managing anemia and hyperphosph 
atemia of cardio renal syndrome. The dual role also reduces 
pill load and improved adherence in CRAS patients.
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